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The fast detection and removal of organic dyes from contaminated water has become an urgent environmental issue due to their
high toxicity, chemical stability, and low biodegradability. In this paper, we have developed graphene oxide decorated Fe
3
O
4
@SiO
2
(Fe
3
O
4
@SiO
2
-GO) as a novel adsorbent aiming at the rapid adsorption and trace analysis of organic dyes followed by surface
enhanced Raman scattering (SERS). The structure and morphology of the nanocomposites were characterized by transmission
electron microscopy (TEM), Fourier infrared spectrometry (FT-IR), X-ray diffraction (XRD), and vibrating sample magnetometer
(VSM). The obtained nanocomposites were used to adsorb methylene blue (MB) in aqueous solution based on 𝜋-𝜋 stacking
interaction and electrostatic attraction between MB and GO, and the adsorption behaviors of MB were investigated. Moreover,
the obtained nanocomposites with adsorbed dyes were separated from the solution and loaded with silver nanoparticles for SERS
detection. These nanocomposites showed superior SERS sensitivity and the lowest detectable concentration was 1.0 × 10−7M.
1. Introduction
The organic dyes are widely used in the textile industry for
dyeing fibers, leathers, paper, and so forth. However, the
contaminated water containing the residual dyes from textile
dyeing and finishing factories is considered as a significant
source of environmental pollution due to their high toxicity,
chemical stability, and low biodegradability. Therefore, there
is an increasing demand for the development of effective and
environmentally benign approaches for the trace detection
and fast removal of organic dyes from contaminated water.
Surface enhanced Raman scattering (SERS), which can
provide rich structural information of most molecules with
high sensitivity and selectivity, has been considered as a
promising technique for the trace detection and analysis
of complex real-world samples. It has been shown to be
a reliable platform for a number of fast and accurate analyses,
including environmental pollutants [1, 2], food toxins [3, 4],
and bioanalysis [5]. The enormous enhancement of Raman
signal is originated dominantly from the electromagnetic
amplification on noble metal nanostructures. However, the
low concentration of targets and the spectral interference of
the complex composition severely limit the SERS analysis,
especially for the rapid detection in the field.Thus, a pretreat-
ment procedure to isolate and enrich the targets was generally
required prior to the instrumental determinations.
Graphene oxide (GO), a product of graphite from an oxi-
dization process, is a chemically modified two-dimensional
atomically thick carbon network containing hydroxyl and
epoxy functional groups on its large surfaces. Owing to
the large delocalized 𝜋-electron system and the rich oxygen
contained groups, GO is characterized with high capacity
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and selectivity and strongly hydrophilic, which shows high
adsorption capacities for organic dyes in aqueous solution,
especially for benzene-containing compounds [6]. There-
fore, GO has been paid extensive attention as a superior
adsorbent for its potential applications for environmental
remediation and pollution treatment. However, GO was
normally separated from the sample solution through high-
speed centrifugation for about 30min, which is energy-
intensive and troublesome. To ease the separation procedure,
magnetic nanoparticles (Fe
3
O
4
nanoparticles) have been
widely introduced to functionalize a hybrid material with
GO, which could serve as a magnetically recoverable adsor-
bent by taking advantage of the magnetic functionality of
Fe
3
O
4
. Wang et al. [7] used magnetic graphene nanoparticles
as adsorbent to extract neonicotinoid insecticides and then
was determined by HPLC. Lin et al. [8] prepared graphene
oxide functionalized magnetic particles and utilized the
particles to remove tetracycline antibiotics including tetra-
cycline, oxytetracycline, chlortetracycline, and doxycycline
from environmental waters.
In this work, GO decorated Fe
3
O
4
@SiO
2
was synthe-
sized by a facile and efficient approach. Fe
3
O
4
nanoparticles
were firstly synthesized by using a solvothermal method,
followed by coating with silica through a sol-gel process.
The obtained Fe
3
O
4
@SiO
2
was further functionalized with
(3-aminopropyl) trimethoxysilane (APTMS), and then GO
sheets were assembled on the Fe
3
O
4
@SiO
2
-NH
2
through
electrostatic interactions. Subsequently, the magnetic adsor-
bent was added to the methylene blue (MB) (chosen as a
typical organic dye) aqueous solution and silver nanoparti-
cles were loaded on the nanocomposites for SERS analysis.
Herein, the Ag-loaded Fe
3
O
4
@SiO
2
-GO composite micro-
spheres could simultaneously result in dual functions of both
fast enrichment and local surface plasmon resonance. The
nanocomposites exhibited superior SERS sensitivity and the
lowest detectable concentration was 1.0 × 10−7M.
2. Experimental Section
2.1. Reagents. GO was bought from Nanjing Xianfeng
Company (Nanjing, China). AgNO
3
(>99%), trisodium
citrate (≥99.0%), methylene blue (MB), ferric chloride
(FeCl
3
⋅6H
2
O), sodium acetate anhydrous (NaAc), 2-
propanol, ethylene glycol, and tetraethylorthosilicate (TEOS)
were purchased from Sinopharm Chemical Reagent Co., Ltd.
Ethanol, ammonium hydroxide, and toluene were purchased
from Tianjin Bodi Chemical Co., Ltd. (3-aminopropyl)
trimethoxysilane (APTMS) was were purchased from
Aladdin Chemistry Co., Ltd. (China). All chemicals were of
analytical grade and used as received. Deionized water was
obtained from Hangzhou Wahaha Co.
The stock solution containing 1.0 × 10−3M of MB was
prepared by dissolving the required amounts of the solid
in aqueous solution. Working solutions were prepared by
diluting the stock solutionwith appropriate amounts of water.
2.2. Synthesis of Fe
3
O
4
@SiO
2
-GO Microspheres. The mag-
netic Fe
3
O
4
nanoparticles were synthesized following the
typical solvothermal reaction, as reported by Deng et al. [9].
FeCl
3
⋅6H
2
O (3.24 g) and NaAc (8.64 g) were dissolved in
120mL of ethylene glycol.Themixture solutionwas sonicated
(100W) vigorously for 30min and then allowed to react at
200∘C for 8 h in teflon-lined stainless-steel autoclaves. The
Fe
3
O
4
nanoparticles were collected by an external magnetic
field, washed with ethanol, and dried in 60∘C vacuum drying
box.The obtained Fe
3
O
4
nanoparticles were then coated with
silica shell by sol-gel process to prevent the microsphere
from agglomeration and oxidization. Fe
3
O
4
nanoparticles
(600mg) were dispersed in 50mL of 2-propanol and 12.8mL
of water with the aid of ultrasonication. Then, 10mL of
ammonium hydroxide and 4mL of TEOS were added in the
dispersion, and the mixture was stirred at room temperature
for 10 h. The product was washed with water and ethanol
several times and dried in 60∘C vacuum drying box. The
obtained magnetic Fe
3
O
4
@SiO
2
nanoparticles were then dis-
persed in 50mLof toluene, followed by the addition of 4.0mL
of APTMS.The mixture was refluxed for 10 h under nitrogen
atmosphere to obtain amino-functionalized Fe
3
O
4
@SiO
2
(Fe
3
O
4
@SiO
2
-NH
2
).Theproductwasmagnetically separated
from the mixture solution using a magnet and was then
washed with ethanol and deionized water. 0.7 g Fe
3
O
4
@SiO
2
-
NH
2
was then dispersed in 100mL of water with the aid of
ultrasonication, and the preparation of 100mL of GO aque-
ous solution (0.5mg/mL)was poured into the dispersion.The
mixture was stirred vigorously for 2 h at room temperature.
The obtained Fe
3
O
4
@SiO
2
-GO was washed with water for
several times and dried in 60∘C vacuum drying box.
2.3. Adsorption Test of MB on Fe
3
O
4
@SiO
2
-GO. Adsorption
studies were carried out by batch process. The effects of the
pH of the MB solution, the amount of adsorbent, and the
contact time were investigated. Firstly, the effect of pH on
adsorption of MB was studied over a pH range of 2.0–12.0
with a contact time of 1 h. The pH was adjusted by adding
aqueous solutions of 0.1MHCl or 0.1M NaOH.The different
amounts of Fe
3
O
4
@SiO
2
-GO ranging from 3.0 to 14.0mg
were then applied to adsorb the targets from the sample
solutions. For the kinetic study, 5.0mg of Fe
3
O
4
@SiO
2
-GO
was added into 20mL of MB solutions of desired initial
concentrations (1 × 10−5M). The influence of the contact
time was conducted by changing the shaking time from 1.0
to 65min. For adsorption isotherm, 5mg of Fe
3
O
4
@SiO
2
-
GO was added to 10mL of MB solution at concentrations
ranging within 7.47–37.39mg/L and shook at 27∘C for 1 h.
After adsorption equilibrium, the concentrations of dye were
determined by using a BWTEK BRC642E CCD Arrays
spectrometer with BDS 100 light source. The removal rate (1)
of MB and the adsorption capacity (2) of Fe
3
O
4
@SiO
2
-GO
were assessed by the following equations:
Removal (%) =
𝐶
0
− 𝐶
𝑒
𝐶
0
× 100, (1)
𝑞
𝑒
=
(𝐶
0
− 𝐶
𝑒
)
𝑚
× 𝑉, (2)
where 𝑞
𝑒
is the amount of dye adsorbed on adsorbent at equi-
librium (mg g−1); 𝐶
0
and 𝐶
𝑒
are the initial and equilibrium
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Figure 1: TEM images of (a) Fe
3
O
4
and (b) Fe
3
O
4
@SiO
2
-GO.
concentrations of MB in the solution (mg L−1), respectively;
𝑉 is the volume of solution (L);𝑚 is themass of absorbent (g).
2.4. SERSMeasurement ofMethylene Blue on Fe
3
O
4
@SiO
2
-GO
Microspheres. For the SERS analysis, 5mg of Fe
3
O
4
@SiO
2
-
GO was added into 20mL of MB solutions of different
concentrations (1 × 10−5, 1 × 10−6, and 1 × 10−7M, adjusted
withNaOH to pH 8.0). After vigorous shaking for 40min, the
magnetic microspheres with adsorbed MB molecules were
separated by an external magnet and mixed with 15mL silver
colloid followed by vigorous stirring for 3 h. The Ag-loaded
Fe
3
O
4
@SiO
2
-GO microspheres were then transferred onto
a clean glass slide. The SERS analysis was then performed
on a Renishaw inVia Raman microscope system (Renishaw
plc.,Wotton-under-Edge,UK). A 50x/N.A. 0.75 objective and
a 532 nm DPSS laser excitation source (120mW, 0.5%) were
used in all measurements. The spectra within a Raman shift
window between 200 and 1800 cm−1 were recorded using a
mounted CCD camera with integration time of 10 s through
single scan.
2.5. Characterization. TEM images of Fe
3
O
4
and
Fe
3
O
4
@SiO
2
-GO were obtained with a Hitachi H-8100
microscope operated at 200 kV. X-ray diffraction (XRD) pat-
ternswere collected using aBrukerD8AdvanceX-ray diffrac-
tometer with Cu K𝛼 radiation. Magnetic property was per-
formed on a JDAW-2000C&D vibrating sample magnetome-
ter (VSM, Changchun, China) at room temperature. Fourier
transform infrared (FTIR) spectra were measured with a
Thermo Scientific Fourier transform infrared spectrometer
(Nicolet iS10). Zeta potentials were measured on a Nano-ZS
zetasizer (Malvern Instruments, Worcestershire, UK).
3. Results and Discussion
3.1. Characterization of Fe
3
O
4
@SiO
2
-GO Nanocomposites.
TEM images of Fe
3
O
4
and Fe
3
O
4
@SiO
2
-GO are presented
in Figure 1. As shown in Figure 1(a), the Fe
3
O
4
nanoparticles
are well dispersed and uniform in shape and size, and the
mean diameter is about 372 nm. Figure 1(b) shows that SiO
2
had been assembled on the surface of Fe
3
O
4
with a thinner
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Figure 2: FTIR spectra of GO, Fe
3
O
4
, Fe
3
O
4
@SiO
2
, Fe
3
O
4
@SiO
2
-
NH
2
, and Fe
3
O
4
@SiO
2
-GO.
smooth layer.The smooth SiO
2
shell played an important role
in protecting the magnetic nanoparticles against oxidation
and covalently attaching with other functionalized nanoma-
terials. The average diameter of Fe
3
O
4
@SiO
2
is about 383 nm
which is bigger than Fe
3
O
4
nanoparticles in Figure 1(a). From
Figure 1(b), it can also be seen that the sheet-like structure
with the smooth surface and wrinkled edge shows the major
characteristic of GO [10].The TEM images can be considered
as the direct evidence that Fe
3
O
4
@SiO
2
-GO was fabricated
successfully.
Figure 2 shows the FTIR spectra of GO, Fe
3
O
4
,
Fe
3
O
4
@SiO
2
, Fe
3
O
4
@SiO
2
-NH
2
, and Fe
3
O
4
@SiO
2
-GO.
The bands at 3410 and 1620 cm−1 are assigned to the -OH
stretching vibration due to the existence of surface hydroxyl
and H
2
O. For all the nanomaterials, absorption peaks at
580 cm−1 were observed, ascribed to the Fe-O vibration
from the magnetite phase [11]. Two typical signatures for
silica are exhibited to Fe
3
O
4
@SiO
2
, Fe
3
O
4
@SiO
2
-NH
2
,
and Fe
3
O
4
@SiO
2
-GO. A strong broadband at 1094 cm−1
corresponds to the Si-O-Si asymmetric stretching vibration
and a weak band at 477 cm−1 is assigned to C-Si-O vibration
[12, 13], reflecting the coating of silica on the magnetite
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3
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3
O
4
@SiO
2
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surface. After the amination reaction, several minor peaks
in the region 2800–3000 cm−1, corresponding to the C-H
stretching vibration of the hydrocarbon chains of the grafting
APTMS, are observed [14]. For GO, peaks at 1619, 1386,
and 1069 cm−1 are assigned to the H-O-H bending, =C-H
vibration, and C-O stretching, respectively. Due to the
ultralow content of GO in the core-shell hybrids, the peaks of
GO are a little weak in the Fe
3
O
4
@SiO
2
-GO spectral curve.
The phase structure and crystallization of the magnetic
microspheres were identified with XRD (Figure 3). For
Fe
3
O
4
, diffraction peaks with 2𝜃 at 30.1∘, 35.5∘, 43.1∘, 57.0∘,
and 62.9∘ were observed, which correspond to the crystal
planes of (220), (311), (400), (511), and (440), respectively, of
crystalline face-centered cubic Fe
3
O
4
nanoparticles (JCPDS
file number 19-0629). The same series of characteristic
peaks were also observed for Fe
3
O
4
@SiO
2
and Fe
3
O
4
@SiO
2
-
GO, indicating the stability of the crystalline phase of
Fe
3
O
4
nanoparticles during silica coating and surface
GO. Wide diffraction peaks at 22.3∘ can be viewed from
Fe
3
O
4
@SiO
2
and Fe
3
O
4
@SiO
2
-GO, which is a typical feature
of amorphous SiO
2
. After coating GO, the peaks exhibit no
obvious changes compared to the Fe
3
O
4
@SiO
2
microspheres,
which might be related to the thinness of the shell GO
layer.
In order to monitor the changes in the surface character-
istics of the as-prepared nanocomposites during the surface
modification process, the zeta potential at different stages of
surface modification was measured. The average zeta poten-
tials of the Fe
3
O
4
nanoparticles, Fe
3
O
4
@SiO
2
, Fe
3
O
4
@SiO
2
-
NH
2
, and Fe
3
O
4
@SiO
2
-GO, were measured to be 18.7, −13.5,
26.7, and −11.4mV, respectively. The prepared Fe
3
O
4
@SiO
2
microspheres are negatively charged due to the silanol groups
on the surface, and the strongly positive zeta potential of
the Fe
3
O
4
@SiO
2
-NH
2
microspheres may be the result of the
presence of the high amine content in the shells. Upon GO
self-assembly on themicrospheres, the zeta potential fell from
ca. 26.7mV to ca. −11.4mV, which demonstrates successful
GO coating. For Fe
3
O
4
@SiO
2
-GO, the hybrid materials with
Fe3O4@SiO2-GO
Fe3O4@SiO2
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Figure 4: Magnetic hysteresis loops of Fe
3
O
4
, Fe
3
O
4
@SiO
2
, and
Fe
3
O
4
@SiO
2
-GO (the insets show the Fe
3
O
4
@SiO
2
-GO aqueous
solution before and after magnetic separation by an external mag-
net).
negative surface charges are suited for the enrichment of the
cationic dyes due to the electrostatic effect.
The magnetic properties of Fe
3
O
4
, Fe
3
O
4
@SiO
2
, and
Fe
3
O
4
@SiO
2
-GO were measured by VSM at room temper-
ature (Figure 4). The curves present a hysteresis loop, which
suggests that all of these nanoparticles exhibit ferromagnetic
behavior. The magnetic saturation values are 78.3, 47.6, and
40.5 emu/g for Fe
3
O
4
, Fe
3
O
4
@SiO
2
, and Fe
3
O
4
@SiO
2
-GO.
The decrease in the overall magnetization values indicates
that the Fe
3
O
4
surface is covered with nonmagnetic materials
such as SiO
2
and GO. Moreover, the suspensions of the
Fe
3
O
4
@SiO
2
-GO microspheres can be rapidly concentrated
on the side of the glass vial (see the insets in Figure 4).
When the magnet was removed, the nanocomposites were
well dispersed again in aqueous solution after shaking,
demonstrating that the nanocomposites featured with highly
efficient magnetic manipulation when used as adsorbents for
removal of dyes from aqueous solution under relatively low
external magnetic field.
3.2. Adsorption Equilibrium and Kinetics of MB on
Fe
3
O
4
@SiO
2
-GO. Organic dyes, as common pollutants
from wastewater, were one of the most detected targets in
water analysis. Due to its known strong adsorption onto
solids, MB often serves as a model compound for removing
dyes and organic contaminants from aqueous solutions
[15]. Figure 5(a) shows the high adsorption capability of
the Fe
3
O
4
@SiO
2
-GO nanocomposite. When dispersed into
MB solution (1.0 × 10−5M), the nanocomposite can still be
separated entirely from the suspensions, leaving a colorless
solution within a few minutes. In a typical adsorption
experiment, the effects of the pH of the sample solution, the
amount of adsorbent, and the contact time were investigated
to improve the adsorption efficiency. Figure 5(b) shows the
effect of the sample pH on the adsorption capacity of MB on
Journal of Nanomaterials 5
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Figure 5: (a) Photographs of MB solution treated with Fe
3
O
4
@SiO
2
-GO and the response to an external magnetic field. The effect of (b) the
sample pH value, (c) the amount of sorbent, and (d) the contact time on the adsorption capability of MB.
the Fe
3
O
4
@SiO
2
-GO in the pH range between 2.0 and 12.0.
The adsorption capacity of MB obviously increases in basic
solution. Above pH 8.0, the MB removal percentage has no
great change and reached 93%.This observation is consistent
with the pH-sensitive electrostatic interaction between the
highly negatively charged oxygen groups in GO and the
positively charged molecules [16, 17]. Thereby, the sample
solution pH was adjusted to 8.0 for the adsorption.The effect
of different dosages onMB removal was also carried out, and
the result was shown in Figure 5(c). It is observed that the
MB removal percentage increases with increasing adsorbent
dose. It is due to the fact that increasing adsorbent dose serves
to increase the surface area and the number of active sites for
adsorption. Based on the above results, 5mg of Fe
3
O
4
@SiO
2
-
GO was selected for the following studies. Figure 5(d) shows
plots of the removal percentage of MB on Fe
3
O
4
@SiO
2
-GO
versus contact time.The results indicated that the adsorption
efficiency increased when the contact time increased from 1.0
to 40min, and no significant change is observed from 40 to
60min. As shown,MB adsorption on the Fe
3
O
4
@SiO
2
-GO is
a fast process and reaches the equilibrium in 40min.The fast
adsorptionmay be attributed to (i) the electrostatic attraction
between the negatively charged surface oxygen-containing
groups and cationicMB and (ii) the 𝜋-𝜋 interactions between
the MB molecules and the aromatic rings of graphene
[18].
In order to inspect the mechanism of the adsorption
of MB onto Fe
3
O
4
@SiO
2
-GO, kinetics analysis was studied.
Two common kinetic models, pseudo-first-order (3) and
pseudo-second-order models, were applied to analyze the
experimental data:
ln (𝑞
𝑒
− 𝑞
𝑡
) = ln 𝑞
𝑒
−
𝑘
1
𝑡
2.303
, (3)
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Figure 6: Pseudo-first-order kinetics (a) and pseudo-second-order kinetics (b) of MB adsorption on the Fe
3
O
4
@SiO
2
-GO composite.
Table 1: Adsorption kinetic parameters for MB adsorption on the
Fe
3
O
4
@SiO
2
-GO composite.
Kinetic model Kinetic parameters
Pseudo-first-order model
𝑞
𝑒,exp 14.14
𝑞
𝑒,calc 9.96
𝑘
1
0.0945
𝑅
2 0.9801
Pseudo-second-order model
𝑞
𝑒,exp 14.14
𝑞
𝑒,calc 14.37
𝑘
2
0.017
𝑅
2 0.9992
where 𝑞
𝑡
is the amount of dye adsorbed on adsorbent at
different time (mg g−1); 𝑘
1
is the adsorption rate constant
(min−1):
𝑡
𝑞
𝑡
=
1
𝑘
2
𝑞
2
𝑒
+
𝑡
𝑞
𝑒
, (4)
where 𝑘
2
is the pseudo-second-order rate constant
(gmg−1min−1).
Figures 6(a) and 6(b) show the linear plots of ln(𝑞
𝑒
− 𝑞
𝑡
)
versus 𝑡 and 𝑡/𝑞
𝑡
versus 𝑡, respectively. All the nonlinear fitting
results are calculated and listed in Table 1. The determination
coefficients 𝑅2 of the pseudo-second-order are higher than
those of pseudo-first-order rate model, indicating that the
adsorption kinetic model of MB onto Fe
3
O
4
@SiO
2
-GO fits
the pseudo-second-order model well.
To further comprehend the adsorption progress, we
employ the Freundlich (5) andLangmuir (6) isothermmodels
to fit the experimental data:
ln 𝑞
𝑒
= ln 𝑘
𝐹
+ (
1
𝑛
) ln𝐶
𝑒
, (5)
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Figure 7: Langmuir isotherm for the adsorption of MB onto
Fe
3
O
4
@SiO
2
-GO.
where 𝑘
𝐹
(L g−1) is the Freundlich constants related to
adsorption capacity and 1/𝑛 is the adsorption intensity:
𝐶
𝑒
𝑞
𝑒
=
𝐶
𝑒
𝑞
𝑚
+
1
𝑘
𝐿
𝑞
𝑚
, (6)
where 𝑞
𝑚
is the maximum adsorption capacity; 𝑘
𝐿
is related
to the energy of adsorption (Lmg−1).
The adsorption isotherm plots for MB adsorbed on
Fe
3
O
4
@SiO
2
-GO are presented in Figure 7 and the simu-
lation results are listed in Table 2. The results show that
the correlation coefficient (𝑅2) of the linear for Langmuir
model is higher than Freundlich models. As the good fit with
Langmuirmodel indicates, themonolayer coverage ofMB on
Fe
3
O
4
@SiO
2
-GO surfaces is the main sorption mechanism.
3.3. Investigation of SERS Sensitivity to MB. On the basis of
the electromagnetic mechanism of SERS donated by silver
Journal of Nanomaterials 7
Table 2: Parameters for Langmuir and Freundlich isothermmodels.
Langmuir model Freundlich model
𝑞
𝑚,max (mg/g) 𝑘𝐿 (L/g) 𝑅
2
𝑘
𝐹
(L/g) 1/𝑛 𝑅2
44.05 1.478 0.9993 23.07 0.1866 0.5497
Raman shift (cm−1)
In
te
ns
ity
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Figure 8: (a) Raman spectrum of MB solid, (b) Raman spectrum of
MB adsorbed on the Fe
3
O
4
@SiO
2
-GO microspheres, and (c) SERS
spectrum of MB on the Ag-loaded Fe
3
O
4
@SiO
2
-GO.
nanoparticles, the Ag-loaded Fe
3
O
4
@SiO
2
-GO composite
microspheres may be good substrates for the sensitive detec-
tion of organic dyes. Figure 8(b) displays the Raman spec-
trum of MB (1 × 10−5M) adsorbed on the Fe
3
O
4
@SiO
2
-GO.
Compared with the Raman spectrum of MB solid (Curve (a)
in Figure 8), some weak characteristic Raman bands of MB
were observed in Curve (b) due to the effective enrichment.
After loading with silver nanoparticles, it is easily seen
in Curve (c) in Figure 8 that the Ag-loaded Fe
3
O
4
@SiO
2
-
GO microspheres have superior SERS sensitivity to MB
molecules. The feature peaks from 400 to 1700 cm−1 are
attributed to MB Raman signals [19–21]. Among the SERS
bands, the band at 1623 cm−1 is strongest, which is the C-
C stretching mode. The bands at 470 and 504 cm−1 can
be assigned to C-N-C skeletal bending. Those bands at
1394, 1439, and 1462 cm−1 belong to C-N stretching and C-
C asymmetric stretching mode. The band at 953 cm−1 is
assigned to the 𝜌 (CH
2
) rocking vibration.
Figure 9 shows the SERS spectra ofMB adsorbed onto the
Ag-loaded Fe
3
O
4
@SiO
2
-GO composite microspheres with
different concentration (10−7M∼10−5M). As can be seen from
the graph, MB with 10−5M displayed obvious characteristic
peaks with strong signal intensity. For dye molecules at
10−6M, the G bands of graphene oxide at about 1600 cm−1
may overlap the signature band of MB (1623 cm−1) and the
bands located at 1623 cm−1 obviously blue shifted, but some
vibration bands can still be distinguished. For 10−7M dye
molecule, strong background signal from GO is observed,
and only the band at 953 cm−1 can be distinguished. It is
concluded that the lowest detectable concentration for MB
could be achieved at 10−7M, which is improved at least
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Figure 9: SERS spectra ofMBwith different concentration obtained
from Ag-loaded Fe
3
O
4
@SiO
2
-GO composite microspheres.
10 times compared with the lowest concentrations detected
using GO/Ag materials [22]. It suggested that the supe-
rior adsorption capability of the graphene oxide decorated
magnetic microspheres may contribute towards the excellent
SERS enhancement.
4. Conclusions
In summary, Fe
3
O
4
@SiO
2
-GO magnetic nanocomposites
were successfully prepared by a facile solvothermal method.
The prepared Fe
3
O
4
@SiO
2
-GO was then used as a superior
adsorbent for the enrichment of MB in aqueous solution.
After grafting the silver nanoparticles onto the surface of
the nanocomposites, the Ag-loaded magnetic-based micro-
spheres can serve as both the dye adsorbents and the
enhancement nanoprobes. The testing results show that MB
in the solution with a concentration as low as 10−7M could
be detected. Thus, it can be anticipated that the bifunctional
Ag-loaded Fe
3
O
4
@SiO
2
-GO microspheres would have great
potentials for the filed-based environmental monitoring and
remediation.
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